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The invention provides a micro-electro-mechanical- 
system (MEMS) mirror device, comprising: a mirror 
having a 2-dimensiona! rotational articulated hinge 
at a first end, and having a 1 -dimensional rotational 
articulated hinge at a second end opposite the first 
end; a movable cantilever connected to the mirror 
through the 1 -dimensional rotational articulated 
hinge; a support structure connected to the mirror 
through the 2-dimensional rotational articulated 
hinge and connected to the movable cantilever; 
whereby movement of said movable cantilever 
causes rotation of the mirror in a first axis of 
rotation, and the mirror is also rotatable about a 
second torsional axis of rotation perpendicular to 
said first axis of rotation. 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

They are micro electro mechanical system (MEMS) mirror devices, 

It has a mirror, and this mirror has a two-dimensional rotation connection type hinge in the first end. and it has a one- 
dimensional rotation connection type hinge in the second end of an opposite hand of this first end, 

It has a movable cantilever and this movable cantilever is connected to this mirror via this one-dimensional rotation connection 
type hinge. 

It has a supporting structure body, and this supporting structure body is connected to this mirror via this two-dimensional 
rotation connection type hinge, and it is connected to this movable cantilever. 

By this, a motion of said movable cantilever produces rotation of this mirror in the first axis of rotation, and this mirror is also 
pivotable in the surroundings of the second vertical torsion axis of rotation to said first axis of rotation. 
Said device. 
[Claim 2] 

A two-dimensional rotation connection type hinge, 

It has the first one-dimensional rotation connection type hinge, and a one-dimensional rotation connection type hinge of this first 
has the first attachment point at the first end. and it has the second end, 

having the second one-dimensional rotation connection type hinge — this — the second one-dimensional rotation connection 
type hinge has the second attachment point at the first end, and has the second end — this — the second end of the first one- 
dimensional rotation connection type hinge — this — being connected to the second end of the second one-dimensional rotation 
connection type hinge 

having the third one-dimensional rotation connection type hinge — this — the third one-dimensional rotation connection type 
hinge is connected to the second end of the this first and second connection type one-dimensional rotary hinges 
this — this — the first one-dimensional rotation connection type hinge — this — the second one-dimensional rotation 
connection type hinge, having defined the first axis of rotation between this first attachment point and this second attachment 
point — and — this — the third one-dimensional rotation connection type hinge and a one-dimensional rotation connection type 
hinge in the second end of a mirror have defined the second vertical torsion axis of rotation to this first axis of rotation 
The device according to claim 1. 
[Claim 3] 

The device according to claim 2 which is that in which a 1 -dimensional each rotation connection type hinge has each connection 
type beam, and this beam has an aspect ratio with large thickness to width. 
[Claim 4] 

A 1 -dimensional each rotation connection type hinge has each connection type beam, and this beam has an aspect ratio with 
large thickness to width, The device according to claim 2 currently formed with one or material beyond it chosen from a group 
which this beam becomes from silicon, polysilicon, silicon nitride, diacid-ized silicon, and metallic coating possible material. 
[Claim 5] 

The device according to claim 3 with which a beam is formed by integral construction. 
[Claim 6] 

The device according to claim 3 with which a beam, a mirror, and a movable cantilever are formed by integral construction. 
[Claim 7] 

The device according to claim 1 with which a mirror has a movement angle range of at least 0.5 degree in each axis. 
[Claim 8] 

The device according to claim 1 which has further an electrode for applying electrostatic force to this mirror so that a mirror 
may be moved in the first and the second axis of rotation. 
[Claim 9] 

The device according to claim 8 which has at least one electrode for applying electrostatic force to a movable cantilever so that 
an electrode may have two electrodes for applying electrostatic force to this mirror so that a mirror may be moved in the second 
axis of rotation, and it may move a mirror in the second axis of rotation. 
[Claim 10] 

The device according to claim 8 which has two electrodes for applying electrostatic force to a movable cantilever so that an 
electrode may have two electrodes for applying electrostatic force to this mirror so that a mirror may be moved in the second 
axis of rotation, and it may move a* mirror to both directions in the second axis of rotation. 
[Claim 11] 

The device according to claim 1 whose mirror is made of silicon plated with metal. 
[Claim 1 2] 

The device according to claim 1 1 with which metal has a layer of gold, aluminum, or copper. 
[Claim 13] 

A device which the device according to claim 1 is arranged side by side so that two or more MEMs arrays of N pieces and IxN 
may be formed, and is N>=2. 
[Claim 14] 

the device according to claim 1 — two or more — a device which it is arranged so that it may become a device of NxM pieces 
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and M individual of N sequence, and a MEMs array of NxM is formed of it, and are N>=2 and M>=2. 
[Claim 1 5] 

The device according to claim 1 with which a mirror is used for optical switching, and a movable cantilever is used for capacity 
detection of a mirror position, or optical detection. 
[Claim 1 6] 

It is an optical switch, 

It has two or more optical ports, 

Two or more owners of the device according to claim 1 are carried out, and each device conforms so that light may be switched 
between each pair of said optical port, 
Said optical switch. 
[Claim 1 7] 

It is a two-dimensional rotation connection type hinge for connection with a device which is with a supporting structure body and 
should rotate, and is the hinge concerned, 

It has the first one-dimensional rotation connection type hinge, and a one-dimensional rotation connection type hinge of this first 
has the first attachment point at the first end, and it has the second end, 

having the second one-dimensional rotation connection type hinge — this — the second one-dimensional rotation connection 
type hinge has the second attachment point at the first end, and has the second end — this : — the second end of the first one- 
dimensional rotation connection type hinge — this — being connected to the second end of the second one-dimensional rotation 
connection type hinge 

having the third one-dimensional rotation connection type hinge . — this — the third one-dimensional rotation connection type 
hinge is connected to the second end of the this first and second connection type one-dimensional rotary hinges 
this — this — the first one-dimensional rotation connection type hinge — this — the second one-dimensional rotation 
connection type hinge, having defined the first axis of rotation between this first attachment point and this second attachment 
point — and — this — the third one-dimensional rotation connection type hinge and a one-dimensional rotation connection type 
hinge in the second end of a mirror have defined the second vertical torsion axis of rotation to this first axis of rotation 
Said hinge. 
[Claim 18] 

The two-dimensional connection type hinge according to claim 17 in which a 1 -dimensional each rotation connection type hinge 
has each connection type beam, and this beam has an aspect ratio with high thickness to width. 
[Claim 19] 

The two-dimensional connection type hinge according to claim 18 with which a beam is formed by integral construction. 
[Claim 20] 

The two-dimensional connection type hinge according to claim 18 currently formed with one or material beyond it chosen from a 
group which a beam becomes from silicon, polysilicon, silicon nitride, diacid-ized silicon, and metallic coating possible material. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

The field of invention 

This invention relates to the micro electro mechanical system two-dimensional mirror which has the connection type 
(articulated) suspension structure for a high fill-factor array. 
[Background of the Invention] 
[0002] 

The background of invention 

A MEMS (Micro-Electro-Mechanical-System: micro electro mechanical system) device, It is a machine structure of minute size 
which has an electric circuit processed together with a device by various micro-processing processes (most originates in the 
manufacturing method of an integrated circuit). The mass production of a minute electronic machine mirror and a mirror array 
which may be used by the development in the field of a micro electro mechanical system (MEMS) in an all light cross connection 
switch, 1xN, a NxN optical switch, an attenuator, etc. is attained. Many minute electronic machine mirror arrays have already 
been made using a MEMS manufacturing process and technology. These arrays have the design applicable to three design 
categories put in order and explained below about. 
[0003] 

a) The conventional 2D gimbal mirror which has the mirror surrounded by the frame 

The conventional 2D gimbal mirror is one [ most common type ] of MEMS 2D minute mirrors. An example is shown in drawing 6 . 
This consists of the central mirror 10, and this mirror is connected to the outer frame 12 with the torsion hinge (torsional hinge) 
14, as shown in drawing 6 . Subsequently, outside Rehm 12 is connected to the supporting structure body 16 with the torsion 
hinge 18 of another set. There are four electrodes under the central mirror 10, these electrodes can be operated and the tilt (tilt) 
of 2D of a mirror frame assembly can be produced. One of the devices of these is indicated by U.S. patent application gazette 
number US2002 / 0071169A1 (an open day, June 13, 2002). One fault of this design is being unable to attain the high fill factor 
(fill factor) (this is a rate of active area over the entire area in the interval between two continuous mirrors, or an array) in a 
mirror array. 
[0004] 

b) 2D / 3D mirror which has hidden hinge mechanism 

Many 2D minute mirror devices which have hiding hinge mechanism various type have been designed by the serious progress 
made in the spatial-light-modulation machine. These illustration is indicated by the United States patent number 5,535,047, the 
United States patent number 5,661.591. and United States patent numberUS6,480.320 B-2. 
[0005] 

The schematic view of an example of this device is shown in drawing 7 . Although this device structure can bring about a high fill- 
factor array, its manufacturing process is dramatically complicated. For the further consideration about the spatial-light- 
modulation machine and digital mirror devices which have hidden hinge mechanism, The following. : to refer to. The United States 
patent number 5,061,049, the United States patent number 5,079,545, the United States patent number 5,105,369, the United 
States patent number 5,278,652, the United States patent number 4.662,746. the United States patent number 4,710,732, the. 
United States patent number 4,956,619, the United States patent number 5, 172,262 and the United States patent number 
5.083,857. 
[0006] 

c) 2D mirror attached to the single movable flexible post 

An example of the MEMS tilt plat form is supported by the flexible post 30 as shown in drawing 8 . The post 30 is prolonged in 
MORT 32 formed in the substrate 34 of a support material, i.e., a charge, i.e., the inside of a slot. The post 30 is made long 
enough and flexibly so that it may operate as an one-way nature hinge. 
By bending, it can make it possible to position the mirror 36 with two flexibility. 

[0007] 

Some faults of this design are the complexity, the postflexibility, the wiring, and the tilt eccentricities (tilt eccentricity) of a 
process. Some of these devices are indicated by U.S. patent application gazette number US2002/United States patent number 
5,469,302 and 0075554A1. 
[0008] 

It becomes complicated [ control of these devices ] and most portion of device cost is occupied. 
[Description of the Invention] 
[Problem to be solved by the invention] 
[0009] 

The summary of this invention 

Although it is not necessarily all, the following things are mentioned as an advantage of shoes to be realized in some 
embodiments. 

High fill-factor linear array. No less than 99% of high fill factor is attained, and it gets. 
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Coupling which can almost ignore between two tilt shafts. 

Inexpensive and easy control. It is possible even at an open loop / reference (look up) table control. 
A device can be manufactured using an easy manufacturing process. 

And the cantilever portion of a device can also be used for capacity detection of a mirror position, or optical detection. 
[0010] 

According to one large mode, provide this invention and micro electro mechanical system (MEMS) mirror devices the device 
concerned, having a mirror, and this mirror having a two-dimensional rotation connection type hinge in the first end. and having a 
one-dimensional rotation connection type hinge in the second end of the opposite hand of this first end — ; — the device 
concerned, Have a movable cantilever and this movable cantilever, being connected to this mirror via this one-dimensional 
rotation connection type hinge — ; — the device concerned, It has a supporting structure body, and this supporting structure 
body is connected to this mirror via this two-dimensional rotation connection type hinge, and it is connected to this movable 
cantilever, can; Come, and it is alike, and therefore, A motion of said movable cantilever produces rotation of this mirror in the 
first axis of rotation, and this mirror is also pivotable in the surroundings of the second vertical torsion axis of rotation to said 
first axis of rotation. 
[0011] 

In a certain embodiment, a two-dimensional rotation connection type hinge has the first one-dimensional rotation connection 
type hinge, and it the one-dimensional rotation connection type hinge of this first, have the first attachment point at the first 
end. and have the second end, and; this two-dimensional rotation connection type hinge has the second one-dimensional rotation 
connection type hinge — this — the second oneTdimensional rotation connection type hinge. Have the second attachment point 
at the first end, and have the second end, and the second end of the one-dimensional rotation connection type hinge of this first, 
this — it is connected to the second end of the second one-dimensional rotation connection type hinge, and; two-dimensional 
rotation connection type hinge has the third one-dimensional rotation connection type hinge — this — the third one-dimensional 
rotation connection type hinge, It is connected to the second end of the this first and second connection type one-dimensional 
rotary hinges, can; Come, and it is alike, and therefore, this — the first one-dimensional rotation connection type hinge — this — 
the second one-dimensional rotation connection type hinge, having defined the first axis of rotation between this first 
attachment point and this second attachment point — and — this — the third one-dimensional rotation connection type hinge 
and the one-dimensional rotation connection type hinge in the second end of a mirror have defined the second vertical torsion 
axis of rotation to this first axis of rotation. 
[0012] 

In a certain embodiment, a 1 -dimensional each rotation connection type hinge has each connection type beam, and this beam 

has an aspect ratio with large thickness to width. 

[0013] 

In a certain embodiment, a beam is formed according to integral construction. 
[0014] 

In a certain embodiment, a beam, a mirror, and a movable cantilever of silicon are formed according to integral construction. 
[001 5] 

In a certain embodiment, a connection type hinge may be made of covered materials, such as polysilicon, silicon nitride, or other 
arbitrary materials that can be covered, and a mirror and a movable cantilever are formed according to integral construction. 
[0016] 

Preferably, a mirror has a movement angle range of at least 0.5 degree in each axis. However, other motion ranges are not 
necessarily excepted. 
[001 7] 

In a certain embodiment, a device has further an electrode for applying electrostatic force to a mirror and moving a mirror in the 

first and the second axis of rotation. 

[0018] 

In a certain embodiment, it has at least one electrode for applying electrostatic force to a movable cantilever so that an 
electrode may have two electrodes for applying electrostatic force to this mirror so that a mirror may be moved in the second 
axis of rotation, and it may move a mirror in the second axis of rotation. 
[001 9] 

In a certain embodiment, a mirror is made of silicon plated with metal. 
[0020] 

In a certain embodiment, metal has a layer of gold, aluminum, or copper. 
[0021] 

In a certain embodiment, two or more N devices are arranged side by side so that the MEMs array of 1xN may be formed, and it 

is N>=2. 

[0022] 

a certain embodiment — two or more — NxM devices are arranged so that it may become a device of M individual of N 

sequence, the MEMs array of NxM is formed of it, and it is N>=2 and M>=2. 

[0023] 

In a certain embodiment, a mirror is used for optical switching and a movable cantilever is used for capacity detection of a mirror 

position, or optical detection. 

[0024] 

According to another large mode, this invention provides an optical switch, and the switch concerned has two or more optical 
ports, carries out two or more owners of the device according to claim 1 , and it conforms so that each device may switch light 
between each pair of said optical port. 
[0025] 

According to one large mode, provide this invention and the two-dimensional rotation connection type hinge for connection with 
the device which is with a supporting structure body and should rotate the hinge concerned, Have the first one-dimensional 
rotation connection type hinge, and the one-dimensional rotation connection type hinge of this first, having the first attachment 
point at the first end. and having the second end — ; — the hinge concerned, having the second one-dimensional rotation 
connection type hinge — this — the second one-dimensional rotation connection type hinge, having the second attachment 
point at the first end, and having the second end — this — the second end of the first one-dimensional rotation connection type 
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hinge — this — being connected to the second end of the second one-dimensional rotation connection type hinge — ; — the 
hinge concerned, having the third one-dimensional rotation connection type hinge — this — the third one-dimensional rotation 
connection type hinge, It is connected to the second end of the this first and second connection type one-dimensional rotary 
hinges, can; Come, and it is alike, and therefore, this — the first one-dimensional rotation connection type hinge — this — the 
second one-dimensional rotation connection type hinge has defined the first axis of rotation between this first attachment point 
and this second attachment point — and — this — the third one-dimensional rotation connection type hinge has defined the 
second vertical torsion axis of rotation to this first axis of rotation. 
[0026] 

In a certain embodiment, a 1 -dimensional each rotation connection type hinge has a connection type beam which consists of 

each silicon, and this beam has an aspect ratio with high thickness to width. 

[0027] 

In a certain embodiment, a beam which consists of silicon is formed according to integral construction. 
[0028] 

In a certain embodiment, a connection type hinge may be formed with covered materials, such as polysilicon, silicon nitride, etc. 

which have a ratio with low thickness to width. 

[0029] 

In a certain embodiment, each of a connection type hinge may be a single beam of integral construction which consists of a 

covered single or multiple material. 

[Best Mode of Carrying Out the Invention] 

[0030] 

Here, it explains with reference to the Drawings of attachment of the desirable embodiment of this invention. 
[0031] 

Detailed explanation of a desirable embodiment 

Publicly known 1D MEMS torsion mirror supported by the spring/hinge of the connection type suspension is shown in drawing 1 
A and 1B. This equipment consists of the supporting structure body 30, and the mirror 34 connected to this supporting structure 
body 30 via the two connection type hinges 36 is attached in this structure. Usually, a mirror and the whole equipment of the 
connection type hinge are made of single piece of silicon. The connection type hinge 36 consists of a silicon beam which has an 
aspect ratio with high length to width, and torsion rotation is attained by this. Very narrow space can be provided with a long 
silicon beam by using an articulated section (articulation). The address electrodes 38 and 40 of the lot are also shown. These are 
connected to the C-system which can impress voltage to an electrode. Usually, mirror equipment is grounded (ground). It can be 
rotated centering on the axis of rotation (thetax) 32 by the mirror 34 by applying electrostatic force to the either side of the 
mirrors using the electrodes 38 and 40. This shows drawing 2. It is the mirror in the first arrangement (here, the mirror is rotating 
counter clockwise about the axis of rotation 32) which was generally shown by 50, and what was generally shown by 52 shows 
the same equipment that the mirror is rotating clockwise about the axis of rotation 32. 
[0032] 

in order to promote 2D rotation (that is, the rotation in both (thetax) and (thetaz) and thetaz lie at right angles to the main 
torsion tilt (thetax)) of a mirror — the embodiment of this invention — 2D — a pivotable connection type hinge is provided. The 
plan of a new connection type hinge is shown in drawing 3 A. 2D — a pivotable connection type hinge contains the first 
connection type hinge section 60 and the second connection type hinges 62 and 63 of a lot. It can connect with the supporting 
structure body generally shown by 64, and ******** of the second connection type hinges 62 and 63 is connected also to the 
first connection type hinge 60. ******** of the three connection type hinges 60, 62, and 63 is the same as that of the 
conventional connection type hinge 36 of drawing 1 A. That is, each connection type hinge consists of a silicon beam which has 
the thickness of the high aspect ratio to width. The whole equipment which consists of the three connection type hinges 60, 62, 
and 63 is really [ of silicon / single ] preferably made from piece. In another embodiment, equipment is made of covered 
materials, such as polysilicon, silicon nitride, diacid-ized silicon, and metallic coating possible material. Other materials may be 
used. As for structure, it is preferred that it is one at the point that an assembly is not needed. However, the beam may be made 
of two or more materials, for example, may be the layer structure. Rotation becomes possible about the second axis (thetaz) to 
the rotation which met the first torsion axis (thetax) with the first connection type hinge 60 being attained with the second and 
third connection type hinge. 
[0033] 

All suitable sizes can be used for a connection type hinge. A different number of articulated sections can be used. There is little 

power needed for producing rotation about each axis, and it ends, so that there are many articulated sections contained in a 

predetermined connection type hinge. In enforcement of an example, the size of various hinges is as follows. 

The hinge 62 and 63: {75um (L). 1.5um (W), 15um (T), 5um (gap), and 3 (articulated section)} 

The hinge 60 and 74: {75um (L), 1.5um (W), 15um (T), 5um (gap), and 1 1 (articulated section)} 

[0034] 

Next, with reference to drawing 3 B, the first example of use of the connection type hinge of drawing 3 A is shown. Here, the 
connection type hinge is connected with the end which is generally shown by 70 and has another 1D connection type hinge 74 at 
the end of the opposite hand at the mirror 72. As for the whole equipment of drawing 3 B, being made from the single piece of 
silicon is preferred. It enables the mirror 72 to rotate with equipment as shown in drawing 3 about a main shaft (thetax) and the 
additional axis of rotation (thetaz) (this axis lies at right angles to a main shaft). 
[0035] 

In the desirable embodiment of this invention, the equipment of drawing 3 B is used in the instrument illustrated by drawing 4 A 
as an example. Here, it is shown that 2D rotation connection type hinge 70 is again connected to the mirror 72 and 1 D rotation 
connection type hinge 74. 76 shows a supporting structure body generally. 2D rotation connection type hinge 70 is connected to 
the supporting structure body in the two parts 78 and 80. 1D rotation connection type hinge 74 is connected to the supporting 
structure body 76 via the cantilever 80. Preferably, a cantilever is only another piece of silicon, and this piece is a style which 
does not rotate this cantilever substantially about a main shaft (thetax), and is connected to the supporting structure body 76 in 
82. However, the cantilever 80 has some flexibility and some vertical motion is possible for especially the end 87 of the cantilever 
80 which is most distant from the terminal area 82 to a supporting structure body. A part may be removed in order to obtain the 
further flexibility of the cantilever 80. In the diagrammatic embodiment, the cantilever 80 contains the gap 89 near the 
attachment point 82 to the supporting structure body 76. The quantity of power required to produce vertical motion of the point 
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87 is reduced by this. 
[0036] 

In order to control the rotation in a torsion axis (thetax), it has the electrodes 84 and 85 and these operate like the electrode of 
38 of drawing 1 A, and 40. It becomes possible to control rotation of the mirror 72 about the main torsion axis by this. The 
electrode 86 is shown under the cantilever structure 80, and this electrode controls vertical motion of the end 87 of the 
cantilever 80 which is most distant from the terminal area 82 to the supporting structure body 76. By vertical motion of this point 
87, rotation of the mirror 72 about the additional axis of rotation (thetaz) arises. The deflection (deflection) of the produced 
cantilever rotates a mirror around the second axis (formeo) with T~bar), and makes a mirror incline being simultaneous or 
independently in both axes in this way. 
[0037] 

In order to provide the most flexible control to the rotation about the additional axis of rotation, it is necessary to equip the 
upper part of the cantilever 80 with the additional supporting structure body which has an additional electrode, and by it, power 
can be applied and the end 87 of the cantilever 80 can be moved upwards. However, this additional flexibility may not be needed 
depending on a use. This embodiment is shown in drawing 4 B. Drawing 4 B is almost the same as drawing 4 A except the 
additional supporting structure body 91 and the additional electrode 93 (it becomes possible to apply electrostatic force to a 
cantilever structure and to move it to both upper and lower sides by these). 
[0038] 

The embodiment of drawing 4 A has adopted use of an electrode, and electrostatic force is applied by this and it can control the 
rotation in the two axes of rotation by it. More generally the power of the type of all others can also be used in both these both 
[ one of the two or ]. For example, the rotation and control which are demanded can be attained using magnetism, heat 

bimorph power, or piezo-electric power. 
[0039] 

A completely functional 2~D MEMS mirror is obtained with 2D rotation connection type hinge, a connection type torsion mirror, 
and this combination of a movable cantilever. A cantilever may be sagged by the direction of one of the upper and lower sides 
according to the arrangement (application) of an electrode, i.e., impression of power, by it, it is related with second axis thetaz, 
can shift, and can rotate a torsion mirror in that direction. About impression of almost all static electricity, a cantilever may be 
sagged only below and reducing the number of I/O and complexity can be controlled. 
[0040] 

Many mirrors can be arranged side by side, the interval between two mirrors can be made into the minimum, and a linear mirror 
array can be built. This embodiment is shown in drawing 5 . The linear array of four 2D torsion mirrors 90, 92, 94, and 96 which 
has 2D rotation connection type hinge and a cantilever is shown in drawing 5 . Arbitrary numbers may be contained in such an 
array. Another embodiment provides the two dimensional array of the mirror devices which require a NxM individual. 
[0041] 

One of the main advantages of the structure of drawing 4 is that coupling between two tilt shafts is the minimum. This device 
structure can be used for all uses. This can be single or can be used as a single mirror for all the suitable uses of two or more 
array constitution. This equipment attains a high fill factor (this is an interval between two continuous mirrors in an array) about 
a mirror array, and is dramatically easy to manufacture. The interval between two mirrors may be about several microns little, or 
may be limited by the minute processing process. 
[0042] 

A device can be manufactured using the present MEMS manufacturing process. Some suitable processes marketed, the light 
IMEMS from Analog Devices Inc (registered trademark) (Thor Juneau et al..) 2003 "Single-Chip 1x84 MEMS Mirror Array For 
Optical Telecommunication Applications", Proceeding of SPIE, MOEMS and Miniaturized Systems III, and 27-29 Vol. 4983 and pp. 
53-64. will be referred to January, 2003, It is SOI MUMPS (http://www.memsrus.com/figs/soimumps.pdf) from Cronos (subsidiary 
company of MEMScAP). A customary process can be doubled and a device can also be manufactured. 
[0043] 

In application of a system, in order to control rotation of the mirror in two free angles, being equipped with a C-system should be 
understood. This is controlled by suitable impression of the power by various electrodes. It is a closed-loop system which has a 
desirable open loop system which has a voltage reference table about the tilt position where C-systems are various, capacity 
detection, or optical detection. 
[0044] 

The mirror in the embodiment adopted above needs to have reflective coating. For example, it is coating which became one or 
more layers of gold, aluminum, or copper. A mirror is used in order to perform main switching of the beam of light. However, it 
should be understood that a cantilever portion may also have reflective coating. A cantilever and/or the component of a mirror 
can be used for capacity detection or optical detection. For example, while the component of a mirror may be used for switching, 
the signal which generated the component of the cantilever is perceived, and it can use in order to perform a feedback control to 
orientation of a mirror. 
[Brief Description of the Drawings] 
[0045] 

[Drawing 1 A] Drawing 1 A and drawing 1 B provide two figures of the conventional one-dimensional MEMS mirror which has 
connection type suspension structure. ; i 

[Drawing 1 B] Drawing 1 A and drawing 1 B provide two figures of the conventional one-dimensional MEMS mirror which has 
connection type suspension structure. 

[Drawing 2 A] Drawing 2 shows the device of drawing 1 according to two rolling states. 
[Drawing 2 B] Drawing 2 shows the device of drawing 1 according to two rolling states. 

[Drawing 3 A] Drawing 3 A is a top view of the two-dimensional connection type rotary hinge provided by the embodiment of this 
invention. 

[Drawing 3 B] Drawing 3 B expresses the MEMS mirror characterized by the two-dimensional rotation connection type hinge of 
drawing 3 A. 

[Drawing 4 A] Drawing 4 A is a figure of the mirror which has the two-dimensional rotation connection type hinge and movable 
cantilever attachment system which are provided by the embodiment of this invention. 

[Drawing 4 B] Drawing 4 B provides the notching figure of a mirror and the sectional view of the side which have the two- 
dimensional rotation connection type hinge and movable cantilever attachment system which are provided by another 
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embodiment of this invention. 

[Drawing 4 C] The notching figure of a mirror and the sectional view of the side which have the two-dimensional rotation 
connection type hinge and movable cantilever attachment system which are provided by another embodiment of this invention 
are provided. 

[Drawing 5]Drawing 5 is a one-dimensional MEMS array of the device of drawing 4 A, and the same device. 
[Drawing 6]Drawing 6 is a figure of the conventional two-dimensionahgimbal mirror which has a holding frame. 
[Drawing 7]Drawing 7 is a typical schematic illustration of the MEMS mirror which has hidden hinge mechanism. 
[Drawing 8]Drawing 8 is a typical schematic illustration of 2D mirror attached on the single movable flexible post. 

[Translation done.] 
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[Drawing 3 A] 
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[Drawing 7] 
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WRITTEN AMENDMENT 



[Written Amendment] 

[Filing date]Heisei 16(2004) October 7 (2004.10.7) 
[Amendment 1] 

[Document to be Amended]Claims 
[Item(s) to be Amended]Whole sentence 
[Method of AmendmentjChange 
[The contents of amendment] 
[Claim(s)] 
[Claim 1] 

It is micro electro mechanical system (MEMS) mirror devices, and is this device, 

It has a mirror, and this mirror has a two-dimensional rotation connection type hinge in the first end, and it has a one- 
dimensional rotation connection type hinge in the second end of an opposite hand of this first end, 

It has a movable cantilever and this movable cantilever is connected to this mirror via this one-dimensional rotation connection 
type hinge, 

It has a supporting structure body, and this supporting structure body is connected to this mirror via this two-dimensional 
rotation connection type hinge, and it is connected to this movable cantilever, 

By this, a motion of said movable cantilever produces rotation of this mirror in the first axis of rotation, and this mirror is also 
pivotable in the surroundings of the second vertical torsion axis of rotation to said first axis of rotation. 
Said device. 
[Claim 2] 

A two-dimensional rotation connection type hinge, 

It has the first one-dimensional rotation connection type hinge, and a one-dimensional rotation connection type hinge of this first 
has the first attachment point at the first end, and it has the second end, 

having the second one-dimensional rotation connection type hinge — this — the second one-dimensional rotation connection 
type hinge has the second attachment point at the first end, and has the second end — this — the second end of the first one- 
dimensional rotation connection type hinge — this — being connected to the second end of the second one-dimensional rotation 
connection type hinge 

having the third one-dimensional rotation connection type hinge — this — the third one-dimensional rotation connection type 
hinge is connected to the second end of the this first and second connection type one-dimensional rotary hinges 
this — this — the first one-dimensional rotation connection type hinge — this — the second one-dimensional rotation 
connection type hinge, having defined the first axis of rotation between this first attachment point and this second attachment 
point — and — this — the third one'-dimensional rotation connection type hinge and a one-dimensional rotation connection type 
hinge in the second end of a mirror have defined the second vertical torsion axis of rotation to this first axis of rotation 
The device according to claim 1. 
[Claim 3] 

The device according to claim 2 which is that in which a 1 -dimensional each rotation connection type hinge has each connection 
type beam, and this beam has an aspect ratio with large thickness to width. 
[Claim 4] 

A 1 -dimensional each rotation connection type hinge has each connection type beam, and this beam has an aspect ratio with 
large thickness to width, The device according to claim 2 currently formed with one or material beyond it chosen from a group 
which this beam becomes from silicon, polysilicon, silicon nitride, diacid-ized silicon, and metallic coating possible material. 
[Claim 5] 

The device according to claim 3 with which a beam is formed by integral construction. 
[Claim 6] 

The device according to claim 3 with which a beam, a mirror, arid a movable cantilever are formed by integral construction. 
[Claim 7] 

The device according to claim 1 with which a mirror has a movement angle range of at least 0.5 degree in each axis. 
[Claim 8] 

The device according to claim 1 which has further an electrode for applying electrostatic force to this mirror so that a mirror 
may be moved in the first and the second axis of rotation. 
[Claim 9] 

The device according to claim 8 which has at least one electrode for applying electrostatic force to a movable cantilever so that 
an electrode may have two electrodes for applying electrostatic force to this mirror so that a mirror may be moved in the second 
axis of rotation, and it may move a mirror in the second axis of rotation. 
[Claim 10] 

The device according to claim 8 which has two electrodes for applying electrostatic force to a movable cantilever so that an 
electrode may have two electrodes for applying electrostatic force to this mirror so that a mirror may be moved in the second 
axis of rotation, and it may move a mirror to both directions in the second axis of rotation. 
[Claim 11] 
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The device according to claim 1 whose mirror is made of silicon plated with metal. 
[Claim 12] 

The device according to claim 1 1 with which metal has a layer of gold, aluminum, or copper. 
[Claim 13] 

A device which the device according to claim 1 is arranged side by side so that two or more MEMs arrays of N pieces and IxN 
may be formed, and is N>=2. 

[Claim 14] * 

the device according to claim 1 — two or more — a device which it is arranged so that it may become a device of NxM pieces 
and M individual of N sequence, and a MEMs array of NxM is formed of it, and are N>=2 and M>=2. 
[Claim 15] 

The device according to claim Lwith which a mirror is used for optical switching, and a movable cantilever is used for capacity 
detection of a mirror position, or optical detection. 
[Claim 16] 

It is an optical switch, 

It has two or more optical ports, 

Two or more owners of the device according to claim 1 are carried out, and each device conforms so that light may be switched 
between each pair of said optical port, 
Said optical switch. 
[Claim 17] 

It is a two-dimensional rotation connection type hinge for connection with a device which is with a supporting structure body and 
should rotate, and is the hinge concerned. 

It has the first one-dimensional rotation connection type hinge, and a one-dimensional rotation connection type hinge of this first 
has the first attachment point at the first end, and it has the second end, 

having the second one-dimensional rotation connection type hinge — this — the second one-dimensional rotation connection 
type hinge has the second attachment point at the first end, and has the second end — this — the second end of the first one- 
dimensional rotation connection type hinge — this — being connected to the second end of the second one-dimensional rotation 
connection type hinge 

having the third one-dimensional rotation connection type hinge — this — the third one-dimensional rotation connection type 
hinge is connected to the second end of the this first and second connection type one-dimensional rotary hinges 
this — this — the first one-dimensional rotation connection type hinge — this — the second one-dimensional rotation 
connection type hinge, having defined the first axis of rotation between this first attachment point and this second attachment 
point — and — this — the third one-dimensional rotation connection type hinge has defined the second vertical torsion axis of 
rotation to this first axis of rotation 
Said hinge. 
[Claim 18] 

The two-dimensional connection type hinge according to claim 17 in which a 1 -dimensional each rotation connection type hinge 
has each connection type beam, and this beam has an aspect ratio with high thickness to width. 
[Claim 19] 

The two-dimensional connection type hinge according to claim 18 with which a beam is formed by integral construction. 
[Claim 20] 

The two-dimensional connection type hinge according to claim 18 currently formed with one or material beyond it chosen from a 
group which a beam becomes from silicon, polysilicon, silicon nitride, diacid-ized silicon, and metallic coating possible material. 



[Translation done.] 
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>^OS-ttS»K««t«nTfe0 ; cniUoT, 1 ^TtBKISSt >-7tg 

S-Ol^7Cl3IEiS«^:t>V^*^ KW — #-f>hfcKW^«(9f*tt#-l'>h 40 

i:OIBIKS-O|5Hi«i*^ii)Tfe*0, fro, KJBHOi ^S@(EI«at>^i:5 7- 0 
SI z: 4» awe * * l #7cla]|gii»5J:fc>^i:tf, KJB-o@6«iK:*tl/TIS4SzoSi; 

[0012] 

-Attitj^tSf *0^*^77^7 Ht4#Ot<DT?*4. 
[0013] 

5 51 m m m t* « , t-i»tf-»iaTigjs?tiT^5. 

[00 1 4 ] 
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[001 5 ] 

tb z> n m m m t* t* , asskvys, #y j/uay, s <b u a > * n * © as <d at 

[0016] 

w s l < (i , 5 7 - ti , 4hic*^t, '>4<tto. 5 m<ommn jkssb^w -r s . 

L fr L * fr 6 , ^ © fti © » ®l SB B fr l& ft 2 ft £ T^i & <> 
[001 7 ] 

a f5 ia tc *j i/> t m fr -r ft ft m s % £ e> ic s . 

[0018] 

"7 — IC 1]Q % ft Sb <D 2 "D <D EM % & L , fro, ^5 — ^^"©[HSicWHcfc^TiKjfrTi -5 
# * % ^ » * > ^ U / V- ft] * S fc ft © <J> < tt 1 OCDttHMTSo 
[0019] 

feSHflS««Tti, & Jfi T ^ >y * 2 ft tz is V 3 y T T # T . 

[0020]. 

25 3 ^#85 SI «l T 5 (£ , £ JH fr , £ , 7 ;l< 5 - i , Sfc(ia3co«^r*-ri> 0 

[ 0 0 2 1 ] 20 

3d 3 H 56 ftg « I s t± , lSNi©f/WXtf , 1 xNOMEMs71/^^fffit5=):9lC 
M^TEISh, N>2f$5, 
[ 0 0 2 2 ] 

I2tl, ^ntCioTNxMOMEM s 7U-f A^^jn, 2 fcilfM^ 2 T'l.^. 

[ 0 0 2 3 ] 

*SHSSflS«Ttt* 5 7- li)tX'('7f ^^«ftfttl^f.n, fro, bJKjtj^^U^ 

- tt 5 7 - # a y (o ^ s & & £ ft « yt m *p <d it ft *c ffl e> ft 5 o 

[ 0 0 2 4 ] 

»j z> ^ m m k. j; n ar , *«w«3tx-ry>*ai«L, ^^^yftt, a»©jt*- 30' 

[ 0 0 2 5 ] 

1 owEv M ic £ n tf , 3£*#«ifi#i:o*5«fctf ns^f f/WX i: 

©S^©ftft02^7tla]fE3l}tiet>v ; ^}f«L, S^ty^ii, iff — ©i&7E0(eiSJ8 

froS-JSapfctfL tg-^l^TLlelMlgiKkV^WL, & 

* s l , 1 &7£®&m&jZ\i> i?<Dm-i&mtfmm-<D 1 ^Ttiaea^^t^ 

co m - gfl K g fit $ ft T *s K> ; a IS t > 5> (i , £ = 0 1 ^7r@)ElgStyyi&WL, 40 
K^Hco 1 & tg @(g »« > s> ii , iS!f!-:fcJ:tfSfS-<Oii&5£ 1 &.7tm*K*.i/*J<o%i- 
«6»fc:««E£ftT*5$ ; c ft fc <fc ^> t\ KIB-oi^TcisllgaS^k^^fcKaS — <oi^ 
TtHKilSSt >->*i:tf, iS-l 1 ? Wtt/f^ y h iKg-ffiUtttM?^ > h tdfcS 

— coiHjiEW^^ftTfco, fro, K£Hcoi^7ciuteasiCt>^fr\ is- co [si 

WLTStl^^-OMDOlHllKWl^^ftT^So 
[ 0 0 2 6 ] 

[ 0 0 2 7 ] 

&S£aigfR«T?tt, ->yn^fr££Se-A«-{*«igT-Jg/jSc£ftT^3o 50 
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[ 0 0 2 8 ] 

35 znmmux it, isst^^a, tstst zmf£<D&^kt*m? s , # y 5/ u a > 

[ 0 0 2 9 ] 
[ 0 0 3 0 ] 

[ 0 0 3 1 ]- 10 

>©x/u y^/n>i/*(cj;^t5^^nft^ssoo 1 d mems 

Ii;t)i7-* ( Sl Afiitf 1 BKi^fttlvs, C CD S B W: , J »il*3 0*>64 9 

Ol-lf-XT'T'tTl^. il « H > 3 6 «: , «K«t5fi?OJtt>77^* htt* 
fit«J'ij3yi;-Ai|)'54t), LtllcioT, fiUUIiHEtfnlllfcaSo Jg^gPCartic 
u 1 a t i on) * ffl 1^5 C i: £ •? , fi ^ U a > fc* - i, % ^ DT fc % V> ffi RB K. 81 « f § C i: T* 
* S . -BO7Fl/^M3 8SJ:tf4 0t l SftSLTfei. Cft 5 (4 , * ffi * « ffi 'N ffl 
JctScti't-tSn^ho-;!/ i/.x -rAfcJgffiSft*. Il> $7-iItiSl (groun 20 
d)2n& 0 55-3 4li, 11 3 8, 4 0 * ffl T 3 5 — © V> ~f ft CO M iC & M ^ ts % 1m 
7L Z £ £ IC <fc t> , ^CDilfEtt ( 0 x ) 3 Z^titLTaetSCi^Ttli. Ctllig 
2ESt. RLT 5 07*LftfcOtt, IS! - CD SB B ( C C T , S7-S@iE«3 2CIL 
T K B# If [5] 9 le] ft L T 3 ) (C65 5 7-T'J&t), «LT 5 2 TfvL ft t OB, 55- 
^IHIEIft3 2tCggL.TB#tt0t)fC[sl$5LTI/>5|B|D$l«^^-r o 
[ 0 0 3 2 ] 

55-C92D|e]fE ( T ft t> •£ , (0 x) J; t>* (0 z) CO 7b" ft *5 It § [U $k , 6 z 14 ± 
fiUOf^h ( 8 x ) ic»Lti$Lt^§) * {£ it T S ft 46 C , *%9ie>£ffitBfRC*2 

'Diai(Eprffi*3iSf^:k>^*««-r*. « & ft a « a; t > © ± as a * a 3 a k: jj* -r 0 2 
d 11] te pj fig ft a Jg t v (4 , $-|gsty >?.gp ^eofeitf-ioiragsty^ 30 

6 2, 6 3 %ttf 0 SrlSSty->" 6 2, 6 3 ©?-'tlf nii, HLT6 4TSLfcJt 

mmwinmrnnrnx- & <o , *ft, a-isat>";6oii:t8«*hT^5. 3ocoa& 

iStVf 8 0 , 6 2, 6 3 0fnfna, aiAOSe*oaS^t>^3 6i:|BI«CDfe(D 

3O0lgSt>->' 6 0, 6 2, 6 S^^iSgiiftti, »H 

< « , s/ij3^«*-o-«n;-xfr6ff6h5. su co si m mm x it , gia, # y s/ u 
ay, gfki/uny, rsfti"j ny, *sJ:tf&JRM«pT«»»ft£©««sttfc«raT 

0IJ X. l£ , S^IilTJfeoTtiV. $-|jiaty->*6 OtaoTS-gCDH ( 0 x) 40 

fc^oftisie^ojiet^^cofc^L,. Srfeio'IEIS^ty-yiciot^zi (0 z 
) fC H L T HI fi Hi pJ * 5 o 
[ 0 0 3 3 ] 

EHs*^i;**s<oK<esBi:«ti*^j^ / >ft<T'rtr. n m <r> n m k ts ^ x , a * * t > 

t>^6 2*5*^ 6 3 : (75um(L) :i , 1. 5 u m ( W. ) , 15um(T), 5u 
m (*fy7") fi«kt;3 ( a « 35 ) } 

tyy6 0*5^0* 7 4 : { 7 5 u m ( L ) , 1. 5um(W), 15um(T), 5u 50 
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m (^r^) *j <fc tf l 1 (-3 8 ffi ) } 
[ 0 0 3 4 ] 

atyfttILT,7 0T*SftT6!), JM © 1 D » 8 5$ t: V S> 7 4 £ 5 ftjg gp f± £ W <W 
©MT5^-7 2Ct6tt?nT^4. 03 B08Ii*tii/'J 3>0|-t^-XT'IH 
tlTV^OA'ifSLP, H3KSLfcJ:5i6:*it ioT, ± II 4£ tt ( 0 x ) *3 «fc W ftQ 
$1 ft 13 KM (0 z) (C ©ttti, £@tett{;:*tLTi£3£ Ut^5) fcWLTSv— 7 2 
HI £ f § c 4: # pj ffc. ft 3 . 
[ 0 0 3 5 ] 

*«li3©»*L^£flBIR«fc*5^T, 0 3B©£IBt;t, -Mi: LTH4 AEW7R?n4 10 
gg m fc tj <^ t m m £ n 5 . at, ffa*2 D@Klssty->*7 0*^7-7 2fc-J;a* 1 

D@iISSHy->"7 4l:gg?tlt^lC*liJtlTl^. £&#t£tt£«JLT7 6 T 
it. 2 D@fil8aky^ 7 0tt, 20©@ffi7 8, 8 0fc:fc^T3£Jf«iif*:fc»tt* 
nt^5. 1 D@ei»Sky'>'7 4 (4, * 1/ * Is - 8 0 * ft L T 3£ *# fit it 1* 7 6 K & 

i?nt^5, # s u < « , * > ^ u a - & # tc -> y n > © gy © ^ - x t* & o , Ktr-x 

& , COfcy^U-H — *±0IEI||| (0 x ) CHLT^IWSCifi$tS:^J;?«:«ST\ 

« ifi # 7 6 tC 8 2tCT8ISSftTl^S, L^L4tf5v 73 > 7^ U< - 8 0 li </> < £ 
©7l/+i/lfUf^*filT6t), # fC , £ & #1 ifi # *\ © 8 M 3$ 8 2^6«feinT^4 
7J > ^ U — 8 6 (Diffiffi 8 7 it , ^< C.^OlTIijtfSJiiT'feSo *>fP^-80O 
?548 7U+'>t';f^*f «feJ6.C, ^-'V^$t)|^Tf ) n , 1 0 » L fc £S Sfc 0fl 20 
fi^T, 7J > P ;S - 8 0 « , £ #1 ifi ft 7 6^\©^9tttf4W>b8 2 © jfi < iC ¥ * v 
f 8 9 % # t? „ CtKCi-jt, # -f >■ b 8 7 0±TII«:4i;S'e , 5 0K*fift*Oi*' 

[ 0 0 3 6 ] 

Steffi ( 6 x ) fC *5 if S @ Ik * 3 > h U — )V t <5 ft it iC , 1184, 8 5^«*6ft 
, Ctl&ttH rA©3.8, 4 0©lt^i:|l]t$tCf / Fi!)-ri) o cmcioT, ilCOiti 
t5S7-7 2CIfi%3y ha-;l/t« C t^Brtlt65, ££fc, — #131 

ft 8 OCOT^{C*H8 6 ^3 n T 43 b , f£AHti, £^fit)fift7 6'\©}g»!gp8 2fre> 
Ht!inT^5*^f 0 © i$ g|5 8 7 (DlTli^a > h a-;H-§ 0 £ © 5}W V 

h 8 7 ©±TIlt i^T, f\f ftp ft * @ |e ftt (0 z ) EOV»T©39— 7 2 © 0 |g # £ 30 
So ^©£ Dft* >^ 'UA — ©fcta*(deflection)#, 31 — tt ( T - ^ — K «t o T JjSc £ 
©iS<?(c5^ — ^rlHlte^-y:, CHt. 5 ? — £ M ffl fc *5 l>> T fl$ fc 3: ft « & it L 

[ 0 0 3 7 ] 

, tttoW&«S*W-r*tt*QWfcXi$*i6{***>*-U/<-8 0 © ± g|5 {i *. o tt 5 s£ 
EtffcD, ftlfcioT, 73?:llDjlT*>f 1/^-8 0OS98 7 %±^'\g|fr t C t ^ 
T'tSo L L ft £ ^ ffl^KAoTtt, coMiipWftgftStt^St?n&^i:i:fe$ 

93 (tft^icioT, >f-u/^-'«ifi#(c jp at *n*±TPS^FKi&^-r 40 

£ t Rj m t ft S ) . W fl- £ > 0 4 A tliffRi;T'*5„ 
[ 0 0 3 8 ] 

04 A©HflllR««Wffi©ffifflS:«fflLT:l3!K cnct^T »t«ftili , *»6nT 
EoosKiicfeitsse^ay hn-zi/tsc i*<T*5. «fc 9 — IR W *c li , & £ £ 
^©ffi©*--t':7°©;fr£>i:ft, CfT. £ © [U $£ « CD 7? L < ttW^KfeVTSpJffl-rSC tff 
WIAtf, lift, t;P7ft.$ «fft!77 ^ripijffl LT, S * <* ti § 0 I e 

[ 0 0 3 9 ] 

2D@6ISSt>->', IfiSaut) 55-, fciD'oJItlTjy^U/^-©;:©®^^^ 
ttioT, ICI1W42-D MEMS ;7-tfie.n5„ 557 y ^ U ^ - it , * S 50 
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<D |g n -T & t> % fi CO En *D (appl icat ion)tc jtS i;T±T^?*ft;fr©35lRlf<:fc*>$-ee>ft», 
[ 0 0 4 0 ] 

?S<057-^M^TiEIL v 20©5v — HI©lffllB*JBMNti:l,T> ij "7 = 7-71/ 

-/%o<SLt^T'??). c <Dnmm%m 5 icTFiT o 0 5 »c « , 2d m $g 

.itfA>fl/M-^St5 4O(D2Dli;t)= 7- 9 0 1 92, 94, 9 6 0U-771/ 

^^isntvs. c o j; ? & t u-f ti » fftoatf*sn»5. su <o #1 jjg si , n 

XMl©^fr5S7-f/WX(D2^7t71/-i'%I|it§o 10 
[ 0 0 4 1 ] 

0 4 <o flf ig co ± & #J co l oti, 2 0©f;l/Mr^*7 7''J > JR >h PI T* S> 3 C t 
T* & £> o C © -r A << X # jg ti & 6 t4> & ffl Si £ ffl ^ £ C t & V % 5 '„ C n li , * — $ fc « m 
U J m&<D & Z ® %mW%: m&CD Tc Sbcom - 5. 7 - t LTffll^C Tf # S o C<D 

[ 0 0 4 2 ] 

r^WXli, IffOMEMSBl7 , P*^*ffl^T8at« Cki'TtS. ipiJftT 20 
l> £ l> < O CO * y n -tr X It , Analog Devices Inc^50)t 1 M EM S 
(Thor Juneau?), 2003, TSingle-Chip 1x84 MEMS Mirror Array For Optical Telecomm 
unication Appl icat ionsj , Proceeding of SPIE, M0EMS and Miniaturized Systems III 
. 27-29 2003^1^, Vol. 4983, pp. 53-64. * # J£ ) , Cronos (MEMScAPcO J- <g # ) *> <b <D 
SO I MUMPS(http://www.memsrus.com/figs/soimumps.pdf)T$j£> 0 IWW^T'P 

[ 0 0 4 3 ] 

^^fAOlffltfil>T, 2 0©|ftftStfelU5 7- 0|sl3S?;ayhD-;l/tSf: 
tofc , 3>hn-;l/i'7f Atfi^o^ni.Lttiilif^ns^f TSI. c ft t± , 1» 
^^tlliliS^tOlSftailiDKAotay hn-;l/?n5„ # £ L < , a y h u — jl 30 

7" a , l < t,tyttfi%}*m? zmiv-? > x t- i-e^s 0 

[ 0 0 4 4 ]. 

± 12 T* 4f ffl L, fc g| M m m iC tJ if % 5 7 - f* , S W 3 - t- 4 y?%St5^SA^5.'P] 
* fcf , & , 7;l^^.^I>,fcL<ti^cD, l«jt01l:a-3ftn-f ^^7 8 5, 5v- 

izft<D¥-.i±cD*^zsx^v*zsy%ftorc&icm^<E>ti%o l ^ l & e. , a > u 
-ai»ts/cfiW3-f^ >^>tLiiic tiiissn^^tffeSo * ^ u — *3 

> ^ U A - CD 3 > X - * > h , « * L 7c > ^ 7" ;1< <D £ & % ft o T , 5 9 - <D fj 1*1 ft If IC 40 

[0®cDffi*^|«B^] 
[ 0 0 4 5 ] 

[ El 1 A] 01 A *5 £ t? 0 1 B(i, »feiC-9-X^>S/3^«it**-rSfie5l501^7EME 
MS 5 7-O2OCD0?:ifitLT^§ o 

[Ell B] 0 1 Afc^tfEJi b t4 , ISS^X^V->3 >«I^S-T§^*C0 1 ^TtM E 
M S 5 7-C02dC0i^i^Lt^§ I1 

[ 121 2 A ] m 2 tes i 1 Of^WX^ 2 O0|fi!fE«lT'^t 0 
[ 0 2 B ] 0 2 tt , 0 1 CO ^ ^ ^ x * 2 O CO g |£ ft t* ^ f » 

[03,A] 0 3 A li , *%B^cO||j^®«{C<toT^#t^ n §2^7ta«^[51*Et:>'v : co I P 50 
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[03 B] 0 3 B (i , B3AOza7Clllsl8ai:y5?*«aJ:r5MEMS57-*a 

to 

CH.4 a] B4Ati, *&m<Qmmmii&ic £ ^ r mm* ti z z &7t®t&mm&K > $s £ 

If t% m ti > ^ Is - m 0 If i/ X 7- l± * ^ •? Z> 5. "7 — O0T*$5. 

[04 c] *f£w<D%\<Dnmm®ic £ vrmmz 2 &n.®ifrm&i£t zzf^W) 

[05] 0 5 « , H4 AOf/W^tH«4f/W^C USMEMS7H'7»8. 

[06] @6li, JRf7U-A*fit5IJE*OZ*jti?i'/OI/5 7- OB , PSS. 

[07] 0 7 14 , IS LtvyiltfttSMEMS S^-OHfittftHHt**. 

[08] 0 8 It, f-5Il7L/ + >'^/Kf X hlCffiO WltSnft 2 D i^-WftSWS: 
BS 0 T* fe 5 o 
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[ffiUJB] ¥5816^10^73(2004.10.7) 
[^ttHiE 1 ] 

CtiiiEitfcJHa*] 
■[MiESffi] ^JE 

[#ffFlf *<DSEB] 
[ W * 1 ] 

tR'hm^KtS^X-r A (MEMS) 5? — v^WXT'&oT, Rf'^WXtt, 
3E»«ifi«:*WL, K £ # « ifi {* « , I 2 :);S@fiIlS b > ->*^^ LIS 5 

en tc «fc o t > m m *> > ^ u ^ — <d m % % ~ <d m fam is if & m. ^ ? — (o ® * 

SCJt, fro, — *^!W[|ES^OIlllEttK»LTSitt**~08!L:*3lHllE«lOJai»? 

* HI Is Rf fig T' & £ » 

[ is * m 2 ] 

KSBriROWttJlWvhfcWLa^ie^HSasfcWL, Elf!-© 1 »7cifi*»St ^i^O 
8 = <Di:!fc7C|3|<EiiS5£fc:>^**iL., ESi = ©l&7ClsHgji«5£fc:<'^«* ES-fe 

cnia^t, be si - © i &f£\Bifrm&ia.t > v tmm-<D 1 ^7timsa«ict^^4: 
# , m&-m *) ttv > h t m m ~ & o tt it # -c > h toiBitt:.s-oEneiiii*3£«>T* 

»? » fr O , & m H © 1 & 7C [el te a JS ^ t: > *? £ 5. ? - <D m — "88 g|5 K. tb 3 1 $t 7C 0 <g % & & 

tit, co m&m icm lt mm %m-<omv o Bizm* is. ^ % . 
[ m * « 3 ] 

& i & re is is & set ncig^tf-A^wi, K^-^awtwrsff 

[ if * m 4 ] 

^ > , - K fb 'J 3 > , !3<j:tf^ISlBjt6WiSfr5S:5Sf J: OStfnS 1 of n 
ttiO»8T»SShT^S, IS * JS 2 (CEfOf/WX. 

c is * m 5 ] 

¥-2±tf-&ffimT'Bm.-$ ti-r is * * 3 ic te « <d ^ / w x . 
c is * m 6 ] 

C IS * 7 ] 

& w ic 33 f> t , '>*<tto. 5jgc7)aftftja«EH%w-r^, is * « 1 tcis 

^co -r /W X „ 
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[ it m m 8 ] 

^ =? - fc m - fc <fe xf m ~ <o ei m w ic *? v t m # -r «i«M^^^57-^*n^§fc 
£><DwmifZ (b^m-t z> , m # js i te «c co ^ / w x o 

C If * * 9 ] 

* « , = 5- fcfgrcoElte«Hcfc^T»fr-rj; 5 »« *l 2j fc & 55 - »c ira a. s fc «> <b 

2doti%tL, fro, 5 5-fcgi — <o ei K ffcfc & ^ t »] fr -r £ -5 m^m^ fc rj» # > 

U M - *jp * & 46 CO '> & < i; & 1 OCf i^litS, If 5l< IS 8 fC IB « CO -f -f X 0 
[ If « HI 1 0 ] 

2 ^Oti^t L , fro, $7-%^r(D|slfii(CfeH>TS»|pl'\S)^t J; 

pi m ft > ^ u >i - ic m 7L & tc #> co 2 -d <d mm * ^ r % , if * is 8 is *t co x / w x „ 

[If *iS 1 1 ] 

4i?^7*?nfti"j3ye-etT^5, if 5}< is 1 e te «g o f > w x . 
[ if in. m i 2 ] 

&jsfr, 7 ;i/ s - l , m&mi 1 (cE«of;wx 0 

3] 

If * IS MC IB « CO 7=" X fr\ *I 38 N<I , lxNC0MEMs7WfcJ£$-r-I><fc-5fcM 

c n $ a i 4 ] 

If 5t< JS 1 fc IS « CO x -f X fr , 1SN xMi, N ft\ CO M ffi (O x 4 X & 5 <fc 5 fc IBS 
-Y X o 

c if & m i 5 ] 

5 5 — fr ft x -< «y x > if co fc 46 »c m ^ e> n > fr o , oj a * > ^ u - fr 5 5 — *° v ~> a 

>COtgS&&£fclift&&COfc46fCffll,>P>>lS, l*«lKEl(Df'W7. 
6] 

I^Sl C52f Of;WX%SSit L« Sr'WXtf, i!ijIBft#-hcofcft J fnco^7' 
tu IB ft X -< <y x 0 

[ if * a 1 7 ] 

Sg - CO 1 & 76 El «£ 31 £ 5£ fc: > 5> fc W L % ^m-C0 1^7cEllsjiJg^t>->*«> gf-a&igp 
ic 31 - SSJ K) tt # -r > h fc W L » frolZiS^^WL, 

S-<Bi&7ClsHE3iS5Kk:>^fc*fL» iS^-coi^7EEI$KaS=St:>'v J «, IB - 4$ Stf 
iCsB — Wlb ftif #4 > hfcWL, frofg-i&jgflfcWL, ^m-coi^rcEiKas^tv^ 

HHcoi^TtEllteSSxCtV^fcWL, iSHO 1 ^TcmfeSS^ty^li, K » - fc 

cniuot, sm-co 1 &7t®fcmmi&t>istmm-cD 1 &ftEiigjifg5£k:^^fc 

fr\ — %l *) tttf # J > b i:Rar«5#tt*-f > h tOHtC^ — coEItettfc^46Tfc 
0, fro, ISSfHco l # ft E! $s 31 & i£ t > fr , RS-OifitlKWUTlI&Srofi 
i;OEIfEttfc^46Ti/>^, 
|ij IB fc: 

8 ] 

6 1 # ft El K 31 « 5* t: > fr , f nf n©lMSi;-A?:S L, IS t£ - 4>I fc *t f 3 
fS(0»^7X^^ hit?:»oTl>5, M # 9! 1 7 IC IB $ CO 2 * tc a ^ ^ ^ ^ . 

[ If * « 1 9 ] 
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£ - A t/t -ftmmT'&f&Z tlT l^S , II sfc « 1 8 ic 12 « (O 2 # 7t 3S k > ~>* . 
[fB*3S 2 0] 

if - A N y a > , * y U a > , ift'/'jay, ~ Bft f t S"J 3 > , feia'^BSl 
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